were conducted using crossbred weanling pigs (7.2 to 8.6 kg; 25 t o 29 d of age) to determine the effect on performance and nutrient digestibility of .75% yeast culture (YC) additions to starter diets containing whey or one of two fiber sources. An 18% CP corn-soybean meal basal diet was used in all experiments. In Exp. 1 (n = 1921, the addition of YC did not affect ADG, ADFI, or gain: feed ratios (G:F) of pigs fed diets without or with 15% dried whey in two 5-wk trials. In Exp. 2 ( n = 1741, ADG and ADFI were not affected by YC addition to diets containing no added fiber, 8% soybean hulls ( S H ) , or 8% peanut hulls (PH) in two 5-wk trials. The addition of SH or PH did not affect ADG or ADFI; however, a YC x SH interaction ( P < . 0 5 ) and a YC x PH interaction ( P .lo) for G:F indicated that the addition of SH or PH to the diet in the absence of YC reduced G:F, but in the presence of YC, G:F were maintained. In a 3-wk grower phase of one trial in Exp. 2 ( n = 541, SH and PH additions decreased ADG Key Words:
Introduction
Yeast culture (YC) supplements containing Saccharomyces cereuisiae, which are known to be rich sources of enzymes, vitamins, other nutrients and important co-factors, have been reported to produce a variety of beneficial production responses. These include growth rate, feed intake, feed efficiency, milk composition, egg production, and reproduction in ruminants, poultry, pigs, and horses (Dawson, 1993) . However, variability of these responses has been observed and may be due to species, diet, and the type of yeast culture used. Yeast culture supplementation has been shown to increase concentrations of cellulolytic bacteria in the ruminant (Harrison et al., 1988; Dawson et al., 1990 ) and may enhance fiber digestibility in the horse (Godbee, 1983) . Improvements of N, Zn, Fe, and K balance have been reported in ruminants (Wiedmeier et al., 1987; Cole et al., 1992; Williams et al., 1994) and N metabolism in horses (Glade and Biesik, 1986; Glade and Sist, 1988) with dietary supplementation of YC. Although YC contains phytase activity, attempts to improve phytate utilization and thus performance in pigs by including .5 to 2% of a YC supplement in the diet have generally been unsuccessful (Cromwell et al., 1978; Chapple et al., 1979a; Murry, 1994) . These findings suggest that it may be possible to increase fiber digestibility and N and mineral balance with YC supplementation of swine diets.
The objectives of these experiments were 1) to compare the growth performance of weanling pigs fed starter diets with and without whey and supplemental YC, 2 ) to determine the effect on growth performance of YC additions to diets containing either a highly digested fiber source (soybean hulls, SB), a poorly digested fiber source (peanut hulls, PHI, or no added fiber source, and 3 ) to determine the effect on nutrient digestibility of adding YC to diets containing PH.
Experimental Procedures
Three experiments were conducted ( n = 462) using crossbred weanling pigs (barrows and gilts). In all trials, pigs were randomly assigned to treatments from outcome groups based on weight and gender. Littermates were distributed across treatments as much as possible. Pigs were housed in environmentally controlled rooms in pens with plastic-coated wire floors. Initial room temperatures were set at 29°C and were lowered by approximately 1°C weekly for 3 wk. The care and treatment of pigs followed published guidelines (Consortium, 1988) .
The basal diets were formulated to contain 18% CP using corn and soybean meal and met or exceeded all NRC ( 1988) requirement estimates for weanling pigs. Composition of diets is shown in Tables 1,2 , and 3. All pigs had ad libitum access to feed and water. Pigs were weighed and feed consumption calculated weekly. Average daily gain, ADFI, and gain:feed ratios ( G:F) were determined for each weekly period and for the cumulative periods.
The YC product ("XP" Yeast Culture, Diamond V Mills, Cedar Rapids, IA), which was used in all trials, was a fermented product composed of Saccharomyces cereuisiae grown on a medium of ground corn, hominy feed, corn gluten feed, wheat middlings, rye middlings, diastatic malt, corn syrup, and cane molasses and dried to preserve the fermenting activity of yeast. The guaranteed analysis was not less than 12.0% crude protein, not less than 3.0% crude fat, and not more than 6.5% crude fiber.
Phytase activity of the YC product was determined by Age Jongbloed (Research Institute for Livestock Feeding and Nutrition, Lelystad, The Netherlands) to be 1,400 units of phytase activitykg of product.
Experiment 1. In Exp. 1, 192 pigs were used in two 5-wk trials to determine the effect of YC additions to diets with and without whey in a 2 X 2 factorial arrangement of treatments. The basal diet was formulated with or without 15% dried whey (Grande Cheese, Brownsville, W1 for Trial 1 and American Whey Co., Paramus, N J for Trial 21, and 0 or .75% YC. The level of YC added was recommended by the company and was based on their experience and research. In Trial 1, 96 pigs (BW = 7.2 kg, age = 29 d ) were housed two per pen (.61 m x .91 m ) and were fed pelleted diets (Table 1) . Before pelleting, both animal fat and a commercial pellet binder were added to all four diets. In Trial 2, 96 pigs (BW = 8.6 kg, age = 27 d ) were housed four per pen ( .9 1 m x 1.22 m and were fed diets in meal form (Table 1) .
Experiment 2. In Exp. 2, 174 pigs were used in two 5-wk trials to evaluate the addition of .75% YC to the basal diet and to diets with 8% SH or 8% PH or 8% PH in a 2 x 3 factorial arrangement of treatments (Table   2 1. Diets were fed in meal form. Ground SH were purchased (Southern States, Vinton, VA), and PH (Birdsong Peanuts, Suffolk, VA) were ground through a 5-mm screen before mixing in the diets. Peanut hulls were tested and found to be negative for aflatoxins. One trial was conducted on the Blacksburg campus of Virginia Tech (Trial l), and a second trial was performed at the Tidewater Agricultural Research and Extension Center (Trial 2). In Trial 1 of Exp. 2 (B W = 7.6 kg, age = 28 d), only 12 of the 96 pigs used were female, and these composed one of eight replicates. Pigs were housed two per pen (.61 m x .91 m). In Trial 2 of Exp. 2 (BW = 7.8 kg, age = 29 d), 78 pigs were used, with equal numbers of barrows and gilts. There were three replicates of three pigs per pen and one replicate of four pigs per pen (.9 1 m x 1.22 m ) assigned such that barrows and gilts were divided evenly among treatments. Following the 5-wk nursery phase of Trial 2, three replicates (54 pigs) were continued for 3 wk in a grower phase to determine the continued effects of the diets on heavier, older pigs. These pigs were housed in partially slotted concrete pens (1.52 m x 3.05 m).
Experiment 3. In Exp. 3, 96 pigs (BW = 7.8 kg, age = 25 dl were used in a 6-wk trial. Equal numbers of barrows and gilts were used. Three levels of PH ( 0 , 8, and 16%) were used in combination with 0 and .75% YC. Diets were fed in a meal form. A chromic oxide mixture (chromic oxide mixed with cornstarch in a 1:3 weight ratio, and ground through a .5-mm screen) was added to all diets at a level of .20% as an inert indicator (.05% Cr203). Pigs were housed two per pen (.6 1 m x .91 m). At the end of wk 6, feeders were emptied and the pigs were fasted for 24 h and reweighed to estimate loss of weight due to gut fill. During wk 4 and 6, pen fecal samples were taken twice daily (0830 and 2030) every other day for a total of 3 d per week, as recommended by Dellaert et al. (1990) . Only solid deposits of a predetermined length (approximately 6 cm) were used. Samples were collected and frozen in small plastic bottles with tight-fitting lids until the end of the weekly collection period. The daily samples for a week were then mixed, dried at 60°C for 48 to 60 h, ground through a l-mm screen using a Wiley mill, and stored for later analysis.
The DM percentage of both the feed and fecal samples was determined using AOAC procedures ( 1990) . Percentage of N of feed and fecal samples was determined using a semi-automated Kjeldahl apparatus. Feed and fecal samples were wet-digested with nitric and perchloric acid (AOAC, 1990) . Phosphorus was determined using a modified molybdovanadate procedure (AOAC, 19901, and absorbance was read on a Titertek (Titertek Multiskan MCC/340, Flow Laboratories, McLean, VA) well counter. Chromium was determined spectrophotometrically using an atomic absorption spectrophotometer (Perkin Elmer 5100, Norwalk, CT). Neutral detergent fiber and ADG were measured by the Van Soest method (Van Soest, 1963) . Before NDF analysis, feed samples were subjected to a-amylase treatment. Apparent digestibilities of N, P, NDF, and ADF were calculated using the following equation:
Analysis. All data were analyzed using the GLM procedures of SAS ( 1990), with pen mean as the experimental unit. All models included effects of trial (except Exp. 1) and(or) room, replicate within trial and(or) room, diet, and appropriate two-way interactions with diet. Performance data from the grower phase of Exp. 2 were analyzed with initial weight as a covariate.
Data from Exp. 3 were also analyzed for linear and quadratic fiber effects. Week was included in the model for the digestibility coeffkient. There were no differences in digestibility coefficients for wk 4 and 6; therefore, digestibility coefflciencies were summarized across weeks.
In Exp. 2, data from both Trials 1 and 2 were pooled after testing the trial x treatment interactions and after examination of variances using the test of equality (Snedecor and Cochran, 1967) .
The data from the treatments common to Exp. 1 through 3 were pooled for a final overall analysis after testing the trial x treatment interactions across experiments and examining the variances using the test of equality of variances. aData are means of eight pens of two pigdpen in the Blacksburg trial and three pens of three pigdpen and one pen of four pigdpen in the *C effect ( P < ,101. V C x SH interaction ( P < .05).
~Y C x PH interaction ( P < .IO).
eData are means of three pens of three pigdpen per treatment for the 3-wk trial. Mean beginning and ending weights were 23.9 and 41.8
fFiber effect ( P .005). W C effect ( P < .01).
Tidewater trial for each treatment. Mean initial and final weights were 7.7 and 21.5 kg, respectively.
kg, respectively. Data were analyzed with weight when pigs were started on the grower phase as a covariate. aData are means of eight pens of two pigdpen for each treatment. Mean initial and final weights were 6.3 and 41.4 kg, respectively. bADG, ADFI, and gain:feed have been calculated using the final weight recorded before the fasting period. 'PH x YC interaction ( P < ,101. dLinear PH effect ( P < .05). V C effect ( P < .05). fLoss in weight following a 24-h fast at the end of the trial.
for pigs fed the SH diet with YC than those fed the SH diet without YC.
Experiment 3. As shown in Table 6 , the PH x YC interaction ( P < .lo) for ADG indicates that pigs fed diets containing YC alone and diets containing both YC and 16% PH tended t o have a lower overall ADG than control pigs, whereas pigs fed the diet containing YC and 8% PH had a n overall ADG similar to that of controls. The YC additions decreased ( P < .05) G:F.
The addition of PH linearly decreased ( P < .05) G:F in diets with or without YC. Dietary treatments did not affect ADFI. Dietary treatment effects on the fasted weight loss following wk 6 were not significant.
Pooled Traits. All trials had pigs that were fed the corn-soybean meal basal diet with or without YC. These treatments were pooled across trials and the results are shown in Table 7 . The inclusion of YC in the starter diets tended to lower ( P < .lo) ADG and G:F ratios during the first 3 wk of the pooled trials, but overall there was no effect on any performance measurements.
Digestibility Triul. The additions of PH linearly decreased the apparent digestibility of DM ( P < . O O l ) , N ( P .02), NDF ( P .001), and ADF ( P < .03) and increased ( P < .02) the absorption of P ( Table 8 ) . The inclusion of YC did not affect the digestibility of any of the components, and the PH x YC interactions were not significant for any component except for P absorption ( P < .05). Phosphorous absorption was linearly increased when PH were added to the diet without added YC but was not affected by the addition of PH when the diets contained YC.
Discussion
The overall lack of a positive response to YC supplementation on the performance of weanling pigs aData are means of 28 pens of two pigsipen, three pens of three pigsipen, or seven pens of four pigdpen bYC effect ( P < .07).
per treatment. Mean initial and final weights were 7.3 and 21.5 kg, respectively. bLinear PH effect ( P < -.OOl).
'Linear PH effect ( P < .02). dLinear ( P < .03) and quadratic ( P < .003) PH effect.
ePH x YC interaction ( P < ,051.
fed corn-soybean meal diets with and without dried whey or with and without fiber ( P H or SH) agrees with the findings of other research Chapple et al., 1979a ) using young pigs. To the contrary, Veum et al. (1988) reported that YC supplementation (.75, 1.25, and 1.75%) improved ADFI, ADG, and G:F of young pigs in a 35-d trial.
Results of YC supplementation of grower and finisher pigs is equally variable. In our single grower trial (Exp. 2), ADG was improved when the diets contained YC; however, most other reports with grower-finisher pigs fed an adequate P level have shown no improvement in performance or carcass measurements due to YC supplements Chapple et al., 197913; Murry, 1994) .
Fiber additions at a level of 8% (either SH or PHI also had little effect on overall ADG of weanling pigs in our study. Similar results previously have been found using both SH (Kornegay, 1981; Kornegay et al., 1981) and PH (Lindemann et al., 1986) , as well as oat hulls Turlington et al., 1985) . Kornegay (1978) reported that 6% SH actually had a stimulatory effect on growth ( P <: .05 j. The SH x YC interaction observed in the grower phase of Exp. 2 suggested that YC might improve fiber utilization; however, digestibility coefficients for diets with added PH (higher ADF content) in Exp. 3 do not support improved utilization of PH by YC inclusion. Reyes et al. ( 199 1) reported that digestibility coefficients of energy, ADF, and NDF were similar for sows fed cornsoybean meal diets with or without YC during gestation and lactation.
The fact that BW gain of pigs fed the high-fiber diets was similar to that of control pigs indicates that energy utilization may have been increased. Lindemann et al. (1986) examined the effects of feeding PH at 7.5, 15, and 30% of the diet, and found that pigs fed these diets were able to achieve BW gains similar to those of controls by eating more. Such was not the case with our experiments, fiber additions had little effect on feed intake.
It is difficult t o explain why whey decreased ADG and G:F in Trial 2, especially because milk products are known to enhance growth in the early-weaned pig (Veum et al., 1986; Cera et al., 1988; Lepine et al., 1991) . These effects were not observed in Trial 1, in which a different commercial brand of whey was used, and diets were pelleted. To determine whether the problem was a result of feeding low-quality whey, a sample of the whey used in Trial 2 was sent t o a n independent laboratory for analysis of protein, salt, ash, and pH. Those results indicated that they whey was within specifications for these indicators of quality. However, there are other factors that could have played a role in reducing whey quality that those tests would not indicate. For instance, the whey may have been overheated during the drying process, causing a reduction in protein quality. Dried whey goes through two separate drying processes, evaporation and spray-drying, before it is packaged (Anonymous, 1985) . Both of these steps require the use of high temperatures that, if exceeded only slightly, could result in lowered quality. The linear decrease in DM digestibility due to fiber additions was expected because such decreases are well documented with high-fiber diets (Ravindran et al., 1984; Lindemann et al., 1986; Moore and Kornegay, 1987) and are often associated with an increase in rate of passage of digesta (Kass et al., 1980; Ravindran et al., 1984) . Nitrogen digestibility was not affected by YC supplementation, which agrees with the findings of Reyes et al. (1991 j using gestating and lactating sows and Chapple ( 198 1 ) using gilts of 103 kg BW fed a corn-soybean meal diet with or without YC supplementation. The effects on nutrient digestibility may be species-related; Glade and Biesik ( 1986) and Glade and Sist ( 1988) reported improved N metabolism in horses fed diets with added YC. The inclusion of PH decreased digestibility of NDF and ADF by as much as 10%. Lindemann et al. ( 1 986) found similar results, and Ravindran et al. (1984) observed even greater decreases. The addition of YC had no effect on digestibility of fibrous components despite the fact that YC additions have been shown to increase cellulolytic bacterial populations in the ruminant (Harrison et al., 1988; Dawson et al., 1990) . In agreement with our findings, Chapple ( 198 1 ) reported that the addition of 2% YC to a corn-soybean meal diet fed to gilts of 103 kg BW did not enhance the digestibilities of the crude fiber component of the diet. Also, Reyes et al. (1991) reported that adding .5, 1.0, or 2.0% YC to a corn-soybean diet did not affect the apparent digestibilities of energy, ADF, or NDF during gestation or lactation. It has been suggested that the inclusion of YC in corn-soybean meal diets, which contain approximately two-thirds of the total P as phytate P, would improve the utilization of P due t o the phytase activity of the YC. Our findings of a lack of an effect of YC supplementation on P absorption is supported by several other researchers (Cromwell et al., 1978; Chapple et al., 1979a; Chapple, 1981; Murry, 19941 , who reported no improvement in phytate P utilization, as measured by performance, apparent absorption of P, and bone mineralization when YC was included in the diet at levels of .5 to 2%. In these previous studies, a combination of deficient and adequate P diets was fed. Chapple et al. ( 1979b) and Chapple (1981) reported the performance of finisher pigs was improved when YC was included at 2% of a low P (deficient) diet, but no improvement was obtained when YC was added to an adequate P diet. In their study, metacarpal breaking strength and ash, and carcass measurements were not affected by YC supplementation to either the low or adequate P diets. A phytase assay of YC used in our experiments showed an activity of 1,440 U of phytasekg of YC. When YC is mixed at a level of .75% in a diet, the activity of phytase added is only 10.8 U k g of diet. Perney et al. (1993) reported no response in growth performance and P utilization of broilers when 25 to 150 U of phytasekg of diet were added to a low P cornsoybean meal diet, but they did observe a response when 250 to 750 U k g of diet were added. The failure t o observe an improvement in P absorption in this study and other studies is believed to be due 1) to the very low level of phytase activity added and 2 ) to the presence of adequate available P in the diet from inorganic P sources. It is unlikely that one could determine in vivo a measurable response to such a low level of phytase. Furthermore, the measurable responses to much higher levels of phytase are usually small and variable.
Implications
The addition of yeast culture to fortified cornsoybean starter diets with or without dried whey had no effect on performance, whereas variable results were obtained when yeast culture was fed in combination with different fiber types. This suggests that the response to yeast culture may be dependent on the nature of dietary ingredients.
No benefits were observed when yeast culture was added to a cornsoybean meal diet. These results further suggest that a low level (8 % of fiber may be used in starter diets without adversely affecting daily gain; however, the addition of 8 or 16% of soybean hulls or peanut hulls consistently reduced gain to feed ratios.
